Measurement of intracellular sodium concentration and sodium transport in Escherichia coli by 23Na nuclear magnetic resonance.
Escherichia coli is known to actively extrude sodium ions, but little is known concerning the concentration gradient it can develop. We report here simultaneous measurements, by 23Na NMR, of intracellular and extracellular Na+ concentrations of E. coli cells before and after energization. 23Na spectra in the presence of a paramagnetic shift reagent (dysprosium tripolyphosphate) consisted of two resonances, an unshifted one corresponding to intracellular Na+ and a shifted one corresponding to Na+ in the extracellular medium, including the periplasm. Extracellular Na+ was found to be completely visible despite the presence of a broad component in its resonance; intracellular Na+ was only 45% visible. Measurements of Na+ were made under aerobic and glycolytic conditions. Na+ extrusion and maintenance of a stable low intracellular Na+ concentration were found to correlate with the development and maintenance of proton motive force, a result that is consistent with proton-driven Na+/H+ exchange as a means of Na+ transport. In both respiring and glycolyzing cells, at an extracellular Na+ concentration of 100 mM, the intracellular Na+ concentration observed (4 mM) corresponded to an inwardly directed Na+ gradient with a concentration ratio of about 25. The kinetics of Na+ transport suggest that rapid extrusion of Na+ against its electrochemical gradient may be regulated by proton motive force or intracellular pH.